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1. INTRODUCTION

Twice daily the Techniques Development Laboratory's (TDL's) "early' and
"final" guidance forecasts of cloud amount (clear, scattered, broken, and
overcast) are distributed to National Weather Service (NWS) forecasters via
facsimile and/or teletypewriter. Probability estimates and categorical fore-
casts are available for approximately 230 stations throughout the conterminous
United States. :

Initially, this operational system to forecast cloudiness relied entirely on
prediction equations derived separately for each station. In October 1976 we
implemented a set of early guidance cloud prediction equations developed for

the 21 regions shown in Fig. 1. We had developed these equations simultaneously
with a new set of ceiling prediction equations. Our objective was to improve
the overall consistency between TDL's automated forecasts of these two weather
elements. :

In the near future we also plan to use regionalized equations in the final
guidance forecast system. Consequently, we have been studying the bias
characteristics (i.e., the number of forecasts in a given category of cloudi-
ness divided by the total number of observations of that category) associated
with our newly developed regionalized cloud prediction equations.

2, OPERATIONAL AND TEST LQUATIONS

We conducted several verification experiments for the cool season of October
through March using both operational and test equations. All the equations

were derived using the Model Output Statistics (MOS) technique (Glahn and Lowry,
1972).

Our early guidance developmental sample consisted primarily of forecasts from
the Limited-area Fine Mesh (LFM) model (NWS, 1971) during the

cool seasons of 1972-73, 1973-74, 1974-75, and 1975-76, Weather elements from
surface observations taken 3 hr after LFM input time were also screened. We
derived the operational equations on this entire period, but we used only the
first three seasons to develop our test equations.

We applied this same approach in deriving the final guidance operational and
test equations. Torecast fields from the Primitive Equation (PE) model (Shuman
and Hovermale, 1968) were also included in the data sample, and surface obser-
vations 6 hr after the model input times were screened. The same developmental
seasons were used as for our early guidance equations.



3. TEST PROCEDURES

As part of this test we devised a new technique for converting our four-
category probability forecasts into single "best" category predictions. This
new procedure called "modified inflation'" increases the likelihood that our
categorical forecasts will be consistent with the original forecast probabili-
ties.

The first step in this new procedure involves an analysis of the predicted
probability distribution. Either clear and scattered (categories one and two)
or broken and overcast (categories three and four) are removed from considera-
tion depending on where the majority of the forecast probability is centered.
We make this decision by summing the probability estimates for clear and
scattered and then comparing this value with the combined probability for
broken and overcast. The two categories with the smallest combined probability
are then eliminated as possibilities for our selection of the best category.

Based on the outcome of the preliminary test, a modified form of the inflation
transformation is applied as follows:

~y P =P,
p = 34 3 xr+7,

J R g

J

where P is_the "inflated" forecast for the jth category of cloud amount (j=1,2
or j=3,74), P. the original objective probability estimate, P. the average
frequency of  the cloud amount predictand from the developmen%al sample, R.
the multiple correlation coefficient of the predictand with the predictors in
the forecasting equation, and F an "inflation factor" used to adjust the over-
all bias characteristics, '

The category with the largest value for ﬁ; is selected as the best category
forecast.

4, TEST RESULTS
a. Early guidance operational equations

We used developmental data from the cool seasons of 1974-75 and 1975-76 to

study the bias characteristics of our early guidance operational equations.
Forecasts were produced for all the stations (approximately 230) for projections
of 6, 12, 18, and 24 hr from 0000 GMI. Inflation factors of 0.75, 1.0, and

1.5 were applied depending on the length of the forecast projection. Table 1
shows the overall verification scores.

The scores and bias values in Table 1 indicate that a factor of 1.0 works
reasonably well for the 6-hr projection, while 1.5 is most desirable for the
other three periods. This difference appears to be related to the strong
influence of the 0300 GMT surface observations on the bias of the forecasts
valid at 0600 GMT.



b. Early guidance test equations

We also generated 12- and 24-hr cloud forecasts using the regilonalized early
‘guidance test equations. This time, only the 40 stations shown in Fig. 1 were
involved. Our independent data were from the cool season of 1975-76 (0000 GMT
cycle forecasts).

One aspect of this test was to compare bias values when both regional and
individual station means were used for P: in the modified inflation equation.
We conducted this test for the 12-hr projection only. Figs. 2 and 3 show the
scattered and broken category bias values for each station.

Also, for both projections we compared regionalized equation forecasts with
another set based on our traditional single station approach (see Carter and

Hebenstreit, 1976). We determined the single station best categories using a
"standard inflation'" technique which does not involve preliminary elimination
of any categories, and uses a constant inflation factor of 1.0. The results
of all our tests are summarized in Table 2.

Table 2 shows that the verification scores are quite similar for each procedure
we tested. The bias values differ the most for the difficult to forecast
categories of scattered and broken.

As noted before, 12-hr forecast regional mean versus individual station mean
scattered and broken category bias values for each of the 40 test stations are
presented in Figs. 2 and 3. For most stations it appears as though the use of
individual means offers little advantage except near the Great Lakes where the
scattered bias is improved (i.e., closer to unity).

c. Final guidance operational equations

Using developmental data from the cool seasons of 1974-75 and 1975-76 we
produced seven sets of final guidance cloud forecasts for projections of

12— to 48-hr after 0000 GMI. These predictions for all 230 stations were based
on our newly developed regionalized prediction equations. We experimented with
inflation factors of 1.0, 1.5, and 2.0 depending on the length of the forecast
projection. Table 3 gives the overall verification scores.

The results in Table 3 indicate that an inflation factor of 1.5 produces
reasonable bias values for the first three periods. A factor of 2.0 appears
to work well for the latter four projections.

d. TFinal guidance test equations

We derived final guidance test equations for only the 36-hr projection from
0000 GMI. We generated forecasts for all 230 stations using independent data
from the cool season of 1975-76. Here we compared our new regionalized equa-
tions with the traditional single station equations described by Carter and
Glahn (1976), Modified inflation was applied to the regional equation fore-
casts, while the single station best categories were based on a combination of
standard inflation and a minimum bias matrix, The comparative results are
given in Table 4.



The overall verification scores and bias values in Table 4 show that the
regional equation forecasts using an inflation factor of 2.0 are similar to
the predictions from the single station technique.

5. CONCLUSIONS

The results of several tests using both early and final guidance cloud pre-
diction equations indicates that our regionalized equations can produce
forecasts with the same level of accuracy and overall bias characteristics as
those associated with our traditional single station equations. However, the
individual station~by-station bias values often differ considerably for these
two schemes.

Our modified inflation technique produces relatively accurate best category
forecasts. Depending on the length of projection, inflation factors of 1.0
and 1.5 result in acceptable bias values for the early guidance forecasts.
Factors of 1.5 and 2.0 work better for the final guidance predictions. Using
station means instead of regional means as part of the modified inflation
procedure contributes very little towards improving the bias values for
dindividual stations.
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